Summary. The effect of alloxan on insulin and glucagon secretion was investigated in perifused isolated rat islets. Five minutes of exposure to 1.4 retool/1 alloxan in a low-glucose medium (5.6mmol/1) abolished subsequent leucine stimulated insulin and glucagon secretion. In a medium containing 19 retool/1 arginine and 3.3 mmol/1 glucose, insulin secretion was only slightly diminished by alloxan pretreatment, whereas glucagon secretion was reduced to about 60% of controls. Exposure to alloxan in a high glucose medium (27.8 mmol/1) did not effect insulin or glucagon secretion.
Alloxan inhibits glucose-induced insulin secretion in perifused isolated rat islets [1] . Inhibition can be prevented by including insulin-releasing concentrations of glucose in the medium; a-D-glucose gives more protection than /3-D-glucose [2, 3] . Alloxan toxicity affects amino acid-stimulated insulin secretion as well [4] .
The following effects of alloxan have been observed in isolated rat pancreas [5] : 1) absence of glucose inhibits the subsequent glucose-induced insulin secretion and abolishes the glucose-induced suppression on glucagon secretion. 2) Exposure to alloxan abolishes arginine-stimulated insulin secretion and produces complex effects on glucagon secretion.
In this communication additional evidence is presented which suggests that the glucose receptor system protects against the effect of alloxan on amino acid-stimulated hormone secretion in perifused isolated rat islets.
Materials and Methods

Isolation of Rat Islets
For each experiment, 200 islets were isolated from a male SpragueDawley rat (250--350 g) by the collagenase technique with minor modifications [6] . Briefly, 4-6 mg of collagenase type IV (Worthington) was added to 4 rnl of a suspension of minced pancreatic tissue; the mixture was vigorously shaken for 8-10 min at 37 ~ and then added to an equal volume of Hank's solntion. After centrifuging, 4 ml of supernatant was discarded, and the precipitated islets were resuspended in the remainder, and again digested for 2-3 min with no additional collagenase. Each preparation yielded relatively large islets containing a rim of glucagon cells in the outer margin, as visualized in Epon embedded sections by electron microscopy [7] .
Perifusion of Isolated Islets
The perifusion system was identical to that previously reported [1, 3] . Two chambers were perifused simultaneously: one without alloxan served as the control and the other with alloxan exposure as the experimental chamber. Perifusate from each chamber was collected at I rain or 5 vain intervals in graded tubes; immediately after collection 500 U of aprotinin (Sigma Chemical) was added per i ml of perifusate. Perifusate was collected at 5 rain intervals during baseline secretion. Following exposure to alloxan, perifusate was collected at 1 min intervals for 10 rain to detect the first phase of hormone secretion.
Insulin was determined by radioimmunoassay [8] with pork insulin (Eli Lilly) as the standard.
Glucagon Radioimmunoassay
Glucagon was radioimmunoassayed with beef-pork glucagon (Eli Lilly, Lot 258-V016-235) as the standard. After adding 0.1 ml of aprotinin (500 U/ml) and 0.1 ml of diluted rabbit anti-pork glucagon serum (YY 57 kindly supplied by Dr. K, Buchanan and Mr. R. Flanagan, N. Ireland) to each sample (0.2 ml), the tubes were incubated at 4~ for 24 h. 0.1 ml of tracer [lzSI] glucagon (New England Nuclear) and 0.1 ml of normal rabbit serum (1:100) as the carrier were then added, and the incubation was allowed to proceed for another 72 h. All of the added solutions were prepared in 0.05 mol/l phosphate buffer, pH 7.4, containing fraction V 0012-186X/80/0019/0154/$01.00 bovine albumin (1 g/l, Sigma Chemical). Separation of anti-serum bound from free hormone was accomplished by adding 1.2 ml of 99% isopropyl alcohol followed by centrifugation at 1000 g for 30 rain at 4 ~ The pellets were counted with an automatic gamma system (Searle). The total binding of [125I]glucagon after subtracting non-specific binding was 35-55%, and the sensitivity of the radioimmunoassay was 3.4 pg/0.2 ml.
Results
Effect of Alloxan on Leucine-stimulated Insulin and Glucagon Secretion
First phase insulin secretion occurred at about 5 min, and second phase at 15-30 rain, after the change to leucine medium in control chambers. In contrast, after pretreatment with alloxan, insulin secretion was not significantly above the baseline (40 pg/min, islet). During a 60 rain perifusion the total insulin secretion after alloxan pretreatment was about 50% of the control secretion (Table 1) .
In case of glucagon secretion, two phases of secretion were more difficult to recognize than in the case of insulin secretion (Fig. 1) . After alloxan treatment the total glucagon secretion was about 60% of the control glucagon secretion ( Table 1) .
The effects of alloxan on leucine-stimulated hormone secretion were not observed when alloxan was added in combination with 27.8mmol/1 glucose (Fig. 2, Table 1 ).
Effect of Alloxan on Arginine-stimulated Insulin and Glucagon Secretion
A mixture of 19 mmol/1 L-arginine-HC1 and 3.3 mmol/1 glucose induced both insulin and glucagon secretion. The insulin secretion occurred in two phases at about 5 min and at 20-30 min, respectively (Fig. 3) . Alloxan pretreatment had no noticeable effect (Fig. 3, Table 1 ). In contrast, alloxan pretreatment diminished the total glucagon secretion to about 60% of the control level (Fig. 3, Table 1 ).
When alloxan was added in the presence of 27.8 retool/1 glucose, total insulin or glucagon secretion did not differ significantly between control and experimental chambers (Table 1) . 
Alloxan Inhibition of
) Stimulated Hormone Secretion
In medium containing ll.lmmol/1 glucose and 19 mmol/1 arginine distinct first and second phases of insulin and glucagon secretion were observed (Fig. 4) . The secretion of insulin, and perhaps also of glucagon, was inhibited by alloxan (Fig. 4, Table 1 ).
Both insulin cells and glucagon cells appear to possess a glucose-receptor system [1, 13] by which glucose stimulates insulin secretion and suppresses glucagon secretion [13] . These receptor systems may somehow be involved in the glucose-induced protection against the effects of alloxan, not only on glucose-induced insulin release but also on leucineinduced insulin and glucagon secretion.
Alloxan Inhibition of Glucose-induced Insulin Secretion
Alloxan inhibited insulin release in response to 11.1 rnmol/1 glucose alone ( Table 1 ). The glucagon release to 11.1 mmol/1 glucose was not significantly influenced by alloxan (Table 1) .
In medium containing a combination of 30.5 mmol/1 leucine, 19 mmol/1 arginine and 3.3 mmol/1 glucose insulin secretion was about the same as in medium containing 11 mmol/1 glucose alone, or arginine plus 11 mmol/1 glucose. Alloxan inhibited insulin secretion to less than one half of that of the controls ( Table 1 ). The level of glucagon secretion was between that obtained by the leucine medium and that seen in the arginine plus glucose (3.33mmol/1) medium. It was significantly inhibited by alloxan (Table 1) . Dunn et al. [9] reported that alloxan damage to rat islets was confined to beta cells and that alpha cells were resistant. It is also known that alpha cells are the major surviving component in the islets of long term alloxan diabetic rats [10] [11] [12] . From previous [5] and present data, it appears that alloxan affects both beta and alpha cells, at least as regards function in the short-term perspective.
Discussion
Leucine-stimulated insulin and glucagon secretion was markedly attenuated by alloxan, whereas in the presence of 3.3 mmol/1 glucose the argininestimulated insulin secretion was not (Table 1) . However, when insulin secretion was increased by adding 11.1 mmol/1 glucose to the arginine medium, alloxan pretreatment decreased insulin secretion to the rate seen in response to arginine plus 3.3 mmol/l glucose. Similarly, insulin secretion induced by a mixture of leucine, arginine and 3.3 mmol/1 glucose was reduced by alloxan pretreatment to the rate seen in response to arginine plus 3.3 mmol/1 glucose.
